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Confirmation of Non-Siderophore Antifugal Substance and Cellulase from Bacillus licheniformis K11
Containing Antagonistic Ability and Plant Growth Promoting Activity. Sang Min Woo and Sang Dal
Kim*. Department of Applied Microbiology, Yeungnam University, Gyeongsan 721-749, Korea — Bacillus li-
cheniformis K11, a plant growth promoting rhizobacterium was reported as a producer of auxin,
siderophore, as well as antifungal cellulase under some culture conditions. In vitro test, B. lichen-
iformis K11 represented excellent antagonistic ability against Fusarium oxyspoum (KACC 40037),
and showed broad spectrum against other phytopathogenic fungi. B. licheniformis K11 had cellulo-
lytic activity toward not only carboxymethyl-cellulose (CMC) but also insoluble cellulose, such as
fungal cell wall cellulose, filter paper (Whatman No. 1), and Avicel. In addition, we confirmed
antifungal substance production by butanol-extract methods. The strain produced optimally the
antifungal substance when it was cultivated at pH 9.0, 30C for 4 days on nutrient medium. The
biological control mechanisms of B. licheniformis K11 were caused by antifungal substance, cellu-
lase and siderophore against phytopathogenic fungi.
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o f&3tn R ALE BEUYe S4A3F ¢
Hol 275, ol& 3] B& nAEAAE] A, A5
I gtk 2 FAA HEAY A5 42 AT W
AsE& FA9 7MA= PGPR(Plant Growth Promoting
Rhizobacterium)# F& o] &-38te] AEA ] HIY S fx3}
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2 s AP 9tH6,9,13,15,17].

PGPRo|& A& HeFuo] A§3us A& 3 . by
HY S ToEN AEY 438 2ste 2AATFS
@ete], AF74A Hi® PGPRAFEE Azospirillum sp.
Azotobactor sp., Bacillus sp., Burkholderia sp., Enterobacter. sp.,
Kiluyvera sp., Pseudomonas sp., Serratia sp. 5 B-& nAEE

o] &&A ArH3Al
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PGPRIZFE0| 4E9 43S AP o2 2Hse 7%
L2e QWS Aand, 4E4EEN S22 E(auxin,
cytokinin, gibberelin)¢] A4}, dddl 23 So] ¢3A 90
[A] A N1Feze YA 7172e.2 ol &5 e 5717
ZH8ol ok A WAe JEWIY A7 A8 S B33
< &d3AL[524], F WHE Bacllus sp.[10], Pseudomonas
sp.[15], Streptomyces sp.[16] 5] AAstE FA S A 93]
AR AEWETY %L Asfe A, A WA 4
AT VA HE g A7 HLdES 9A)
g ZIARE[18], Ul WA ASIZANN JFES 2o
Aol 48F AAE ZAAToZN HATY A% 2 F4
< dAske ZAH 2¥FE[722], mpA oz nAEo] 4
A8t exopolysaccharide(EPS), lipopolisaccharide(LPS), sal-
icylic acid(SA), siderophore, hydrogen cyanide(HCN), 2,3-
butanediol 59 22 °J3A 4L WYr5S F435
gl Wol dg AP e FEste FEAYA 41213
2] 5% & & Utk

£ AF= auxin, siderophore, 18] 31 cellulaseS A} 23}
= AEPATH 4EATEAToE £, A%E Bucillus
licheniformis K11[8]o) A &34 siderophorec] )] & t}
& T 248 Fdsigch 283 & 257} Aakste
cellulase7} P. capsicio] MEvle] 2% & 4 ). ot
A B. licheniformis K11¢] wj}zA¢] 02 dA7FA B2
A3 AT cellulased] B4E FAF B3dhs vlolth
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B AT AHgH® FFE PGPREFE ALH B. lichen-
iformis K112, 42X4RE 225 audnd 3o} &(Fe”)
o] AN 95 AR A8 AAlste FAAd side-
rophore, @ A-f48 23l cellulaseZ A2ate Aol
o8l FATA EZ LIS A WAEFE EvtE
ANESHE isle Fusarium oxysporum £ sp. lycopersi-
ci(KACC 40037)9] 6%9] AEWAEATE ol &33len,
A TF FARRE Table 10 YeRf T

AlSHly MR ZAH HFOH 5T

PGPRZF B. licheniformis K11[8]2] &=f spectrum$:
ZAFeH7) 93 Table 19] 7%9] AZHYAANT S YO
A 4 GA5E ZARIEH. 43 dAAY 2P L
50% potato dextrose agar(PDA)9} 50% nutrient agarg %
3 P A L2 AEHIAA x]ﬁESL 6 mm 279
disc2 A &35t 28T oA 48A17F W% = 4 cm] 7+A 9] B.
licheniformis K118 & A3}e] 28T oA uﬂooto}O:] AR
ZAARAAY ADE 24, vm Haoh,

B. lichniformis K110] Mists X7 29 ZA

B. lichniformis K110] AJitste F77A B2 4TS
A7 A A FFAAAY SHANX M B3]
A E Fusarium oxysporum f. sp. lycopersici KACC 40037)&
ez gAFH 224¢ AT FAEA 229 =
Fol Ao BHE AZHAF SAAH R EA3)
.21, non-siderophore §A74 EA9 A& AV
8 ol °]35‘ fr7180 EEE[19)e AT A
ZEAFRE 8}7] Y384 B. lichenformis K11& nutrient
brothl A3 39T AT F ALI5AL 90t
Ro.m, 50 ml PDBej &i34g w35 25 mE £5 F

Table 1. Bacterial strains used in this study

vy FEWFE F. oxysporiume] ¥-A XA (conidia) 100 plE
AF o] 30T, 447 Fat At o) #¥ g Whatman®
No. 29 o3}3te 80T A 1A AZS & AZFAFS
24393, 2T nutrient brothE 25 ml #7}éle F
oxysporium S WS Ao gt HlmIHT. FIHHOR
#A9) 9L oz B 913 e MFE 10
mlE 45C2 A3 E 15 ml PDAY] E§ste] A AL gt
E %, 6 mm disc 27| F oxysporiumZ DA R FF]
At 28T, 447 #Fe F FAAY A3 B 3%
o] 4ZA &4& AUt txTe WFETY dA
10 ml nutrient broths} £83F AR E A3 2
27 AR FABA) 24A PHO2 Bo] BT #
718uf BIWE B. licheniformis K11¢] #jk A58

n-butanol®} 1 : 1£ ¥k ¥ n-butanol £33 Zo}lA 50T

]N] Fd ) o N Xéﬂ]t&]g] FAFAH 2L AYch
& g 255 59 & o) discE o] &3 FATA

#4g Mgt B¢ 234 @ FAEH EZAA B
licheniformis K110] A4+t catechol typed] siderophore<]
ZA F5E g8l7] Y98 Amow assay[1]E F3) 213t
At

B. lichniformis K110] 4Ak5t= cellulase®| 7|1250|
M RAL

Auxin, siderophore, 181 cellulaseZ FA]d] YAalst=
58 A99 B. lidheniformis K119 4 cellulased] 712 &
o|dE XA 93 Y NAEF whgste] BAAEAE
A5t Y ). Avicel, filter paper(Whatman No. 1), CMC,
pNPG, P. capsici®] A2 cell wall 5 cellulase?] 7]4 5 0] 4
& 39 & 5 e 98 /25T 83 cellulased] &4
& gdstgen, 8454 e A S &88 2
o7 23yt P. apsicie] AZ cell wall2 PDBYA )
%% P. capsici®] FAE FFARE o83 & F 2F T
S48 23] NHsgen, 60T dry ovend| A 7Az3std o]

Relevant characterization

Strain KACC
Bacillus licheniformis K11 this study
Alternaria alternata 40019
Colletotrichum acutatum 40700
Corynespora cassiicola 40964
Fusarium oxysporum f. sp. lycopersici 40037
Phytophthora capsici 40483
Rjizoctinia solani AG-1 40101
Rhizopus stolonifer var. stolonifer 41364

Plant growth promoting and antifungal activity could produce auxin,
siderophore, and cellulase.

Alternaria leaf blight disease in red-pepper.
Athracnose disease in red-pepper.

Corynespora leaf spot disease in red-pepper.
Fusarium wilt disease in tomato.

Phytophthora blight disease in red-pepper.
Damping-off disease in tomato and red-pepper.

Rhizopus soft rot disease in tomato.
Rhizopus fruit rot disease in red-pepper.




3ok Zankg A P apsici 7132 50 mM phosphate
buffer (pH 6.0)0] AZE cell walls dAYF Y& %,
Ultraschallprozessor(UP200s, Dr. Hielscher GmbH, Stuttgart)
€ o838 o F ET THFS dHEUANE o148 33
FAGALH, FAEE FUF bufferd] dgste] 71A=
ol &3ttt 1B A WA Aadorge E AFH A
A3l cellulase®] Z &4 98 A3l 0w, o] B. lichen-
iformis K11& nutrient brothel] A 30Ce| A 72A17F vl g &
HYdsdE g4 74 AFe AH A&
Cellulase?] 348 DNS #WHj[21]L. 2 <1514, cellulase
9] 4% 1 unite 18 5 0.1 pge] glucoseE AA4tsl= &

29 Foz Folsnh

HYQFA|ZE, BH2E, J2|3 pHOl ME SXZFY SH9
MAF 9 cellulase®| &4 2ol

B A 7Y, W%, 28l pHY| w2 B. licheniformis
Ki1e] 74 249 444 cellulased] A4S 89
37 YA, 30T oA 24A)7F W oket Audd L 01% B &
2 100 ml nutrient brothe]]l H%3}11 10T, 20T, 30T, 40T,
50Cel A 22 4 Fot ujdstd o, s FAI7HS 4Y 5
el W FYE st 7 AKE} FAEAY EF T side-
rophored] A4t3} cellulase?] #A4& 247t ARG o
ASEe $3E 600 nmoX Flstgon, dA74 &3
o AAHAL FAF FAHY26]0.2 cellulases] 4L
CMCE 7]z o]&3le DNSW[PIjoz s,
siderophoree] AJ4h& Arnow assay®i[1]S o]-&-3}5ith
Arnow assayHry] A] EF AL Sigma-Aldrich Co., US.A.
ALY 2,3-dihydroxybenzoic acidE A}-&-3}%th.

EhARn AR M2 SXRM 22 U cellulase? &
5

3 A2 wWsle] we} B licheniformis K119 #
g} 7} siderophore] A4+ 18] 1 cellu-
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dium citrate - 2H;0, 0.01% MgSO; - 7H,O, 0.1% glucose)Z
glucose$} (NH,):SO; thA 10714 &4 93 1671A]9) AL
A& 7+z} 01%Z A7} Davis minimal medium& A %3}
of 30TAA 4UZ ARG F A9 TUT Y2 & A
S5, 4374 B33 siderophore?] A4, 28 1 cellulase

o B4¢ 2AY,
gt o nF

B. licheniformis K119] non-siderophore &Zl7d 2
Ho| Mat

AEAR FIS2 LS auwin, A EH LY 79 K5
A s et siderophore, 28] cellulaseE FA|o] AAtsl=
Ao B, Mg B. licheniformis K11[8] <]2) 4219
ARAEE WL AT spectrumS £AHSH THTable 2).

Table 2. Antifungal spectrum of B. licheniformis K11 against
various plant pathogenic fungi

Test fungi Antifungal activity
Strain KACC CP:II;I:ri dis{ZI}:izltEr?m)]

Alternaria alternata 40019 + 27.6:05°
Colletotrichum acutatum 40700 + 18.7+04
Corynespora cassiicola 40964 + 22.8+0.6
f;s‘;;t:’er‘;gs” om0+ 31.2¢04
Phytophthora capsici 40483 + 117417
Rjizoctinia solani AG-1 40101 + 6.5+0.4

Rhizopus stolonifer var.

stolonifer 41364 i )

+: inhibited, -: non-inhibited.

'Distance between the edges of the bacterial agar pices (about
7 mm square) and fungal mycelium on PDA plate after 5
days of incubation at 28°C. The data values are the means
from five replication.

’STD: standard deviation.

Fig. 1. Mycelial growth inhibition of Fusarium oxysporum (C) by B. licheniformis K11 on PDA. A: PDB + B, licheniformis K11 culture
broth. B: PDB (negative control). L: Control (n-butanol). C: Fusarium oxysporum f. sp. lycopersici (KACC 40037). R: Extract

from culture broth of B. licheniformis K11 with n-butanol.
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1 A B. licheniformis KI1d5+< EnfE FE¥Y 715 &
AYEHE Fddhs Yod)le R stolonifer var. stolonifer
(KACC 41365) 755 A3l 65 AEH AT o
g A QASE R & F AL, M BET dAT S
Ho|= F. oxysporum(KACC 40037)& tJAo.2 dA7A &
As 39 AN 2 23 nbutanol EA side-
rophore EAE &9 & 4 YUUAW, 2 &7 4L
dehile 2324 238 3 & 4 YAchFig 1). ol
B. licheniformis K117} & 274 siderophore ¥7} o] g} &
Ay AL Adste A& 9vjstty. 128k PGPRT
=21 B. licheniformis K11+= auxin, siderophore “18] 11 cellu-
lase, Brbopizt FAFY FAE A3 AL FAHR
th. 2} B. licheniformis K110] A4tele AFA A 24
= &3, ZAsd 9% Aol

B. licheniformis K119] &TY cellulase? A&
EYTAE F H4EHAY A EEY cellulases A EH
- 219 celluloseE £3] & 4 F9 AE3o HPAS Jehd
e B 11[20]9}, PGPRE o] A Al cellulaseE& A&
Aol 79 microflora F & FIFE vAe B
Z[4]= Ytk o|F A PGPRHEF B. licheniformis K119
cellulase®} 7]5& §slr] 93] oz 71FES YFoz
BAEAE st o2 A, 7M. A A CMC(car-
boxymethyl-cellulose) #ut oh)g}l ELAARFA filter
paper(Whatman® No. 1), Avicel?} P. capsici®} cell wallE
Z Bastdti(Table 3). o= Kumar 5{14]°¢] 233 cellu-
lase7} PGPRTE9] 7 g4 23 2dolgde d4E
Sk sty, Ay celluloses} glucang o2 o] Fo] A 9
T Ao dHy 23S st Phytophthora cap-
sici[11]9] AZ¥& Eaete] HAE S el + Y& AL
Z A48tk A% 714 48S 53 AELATE 9
& Aojr}.
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Fig. 2. Effect of temperature on cell growth and production of
the antifungal substance and the cellulase of B. lichen-
formis K11. -@-: cell growth, -O-: antifungal activity, -
A-: cellulase, -A-: siderophore.

Table 3. Substrate specificity of the cellulase from B. lichen-

iformis K11
Substrates R.el.atwi
activity (%)
CMC (carboxymethyl-cellulose) 100
Avicel 39.1£25'
Filter paper (Whatman® No. 1) 53.3:3.7
Phytophthora capsici cell wall cellulose 42.5£2.6
pNPG (p-Nitrophenyl-f-D-glucopyranoside)  no activity

B. licheniformis K11 was cultured in nutrient medium for 72
hr at 30C. The mixture was subjected to the enzyme assay.
The numbers were presented enzymatic capacity as percent-
age (%) relative to buffer control.

'TD : standard deviation.

Y= o2 ST SHO| A U cellulase?] &

4 gl

B. licheniformis K11¢8] £%d] u}2 AFA
< U 23 0TANE M w2 F A%
#4498 Je Ak kA% 310FA siderophores 20T
A Ao AL JET, cellulased] E4& 40CA
W& Jepd AchFig. 2). W EAZEe B FAF 24 A
AbS FA3 A # AET cellulase, 18] 3 siderophore=
72/ e g Al AU E Uepiou, &34 8442 964
Y Al HAE JelgtiFig 3). =3 B. licheniformis
K119 pHel w& 774 Z4 2 siderophroed] A4t}
cellulase®] &4& A 2, pH 7004 At & &S
Ve AR, 337 848 pH 8.0914 71 =4 Yeboh
3} A9t siderophored] A4t pH 9.041A4 7} #3343, cel-
lulase?] ] &A& pH 60944 713 &4 thFig. 4). 18]
I dg FFY g29S Whste 898 23 7 S
trehalrose, starch, D(+)-maltose, D(+)-galactose £=0]%13,
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Fig. 3. Effect of time on cell growth and production of the an-
tifungal substance and the cellulase of B. lichenformis
K11. -@-: cell growth, -O-: antifungal activity, -A-: cel-
lulase, ~A-: siderophore,
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Fig. 4. Effect of pH on cell growth and production of the anti-
fungal substance and the cellulase of B. lichenformis
K11. -@-: cell growth, -O-: antifungal activity, -A-: cel-
lulase, -A-: siderophore.

fructose, D(+)-maltose <=°]3lt}. o]o] W3] siderophore®
trehalroseS #H7}A] A2to] 714 =9k, cellulased] &AL
D(+)-galactose, D(+)-maltose, starch £=0] 3} tHTable 4). T3k
AAYOZ beef extract, tryptone, yeast extract &0 2 T
A&o] wstorn], ddA #4L urea, NaNO;, alanine &
28 F3kAIN, siderophored] A4 NH,Cl, KNOs, urea
o)t 281 cellulased] #AL malt extract, bacto
peptone, proteose peptone No. 3 0.2 %¢tHTable 5).
AFHA ARES FFNRHE B FF B. licheniformis K11
o] HAstE 8 FA siderophoreE A 9jgh E U A
A EAo EATE AT & Ao, ol AFAA &
#7 Bacillus sp. 50] ket M EARZ =48 THI0) =
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o 074 229 A4 A7hE Bads A2
[19]e} B.313} xylose$} proteose peptone No. 39}
[25]e] B 313k CMC(carboxymethyl-cellulose)} NH,Cl
o 71 GAFAY FAo] woite Hiugte Aol A
7b vrEbstoh

Eis
o

Mo o ot
ot 1 rhe
oft N

2 o

REW AT F B. licheniformis K118 JEHYAAATE o
o2 @A AFGASS AT 639 HEHUY AT
A A AR GASE G L, 2 FolA ERE A
5882 fukstE F. oxysporum(KACC 40037)d) 743 74
3 AA s Yep e 28z 2 7371 Aadste 32T
4] siderophoreo] 9Jo] A EH o] celluloseZ FAH P. capsici
9] cell wallg £33l cellulaseE A A3l RS F713
Z #AsHy. ®atele} B. licheniformis K112 nutrient
broth(pH 8.0), 30T AIX 9617t ¥JFA] ERtE AESH 4]
g g Ao M =%, ol cellulases] A7
sideropored] Htj AAzAHRE Aolsth E3 Ba A
22902 starch9} uread 72 H7HA FAFA B4l
743 =9tal, o] GAlE cellulased] A3 &2 74 side-
rophore®] Hdj AAzAH A FUrh 23t £
5= B. licheniformis K112 AEAZE£A 3L auxin, A
@4 siderophored} cellulaseE R4+t FAlo & thE 7
g3 gAa4 g48 Ase AE 712 Il

Auxin, siderophore, 18] 1 cellulaseE FA]o) A4H3}
A7

2 ox o

Table 4. Effect of carbon sources for the production of antibiotic and cellulase from B. licheniformis K11

Carbon Sources! Cell Growth Antifungalzactivity Ce]lulasse Siderophcire
(600 nm) (%) (unit) (ng/ml)
Control® 0.124:0.010° 100 17.69+0.60 2.54+0.32
Starch 0.478+0.012 174.1+7.6 29.72+1.35 2.11+0.18
D(-)-Fructose 0.222+0.019 136.9+1.4 19.32+0.57 4124032
D(+)-Maltose 0.360+0.019 132.5+6.1 30.5910.77 211017
Trehalrose 0.694+0.013 130.5:4.4 23.66+0.49 7.08+0.48
Mannose 0.092+0.013 116.7£7.7 21.12+0.68 2.54+0.55
D(+)-Galactose 0.347+0.018 92.8+5.3 32.53+0.71 4.44+032
Lactose 0.274+0.020 92.2+3.3 21.12+0.48 2.96+0.18
Dextran 0.196:0.008 91.516.1 4.96+0.49 4234048
Sucrose 0.185+0.013 71.9+4.7 19.83+1.13 2.32+0.18
Mannitol 0.167+0.026 71.0+4.3 20.05+1.29 297:0.18

'Carbon sources (0.1%) were added to the basal medium (0.7% KoHPOq, 02% KH2POs, 01% (NH4):SOs, 0.05% Sodium citrate -

2H,0, 0.01% MgSO; - 7H20).
?Antifungal activity (%) = [(control-sample)/(control)] x 100.

*One unit will liberate 0.1 ng of glucose from CMC (carboxymethyl-cellulose) for one minute under standard conditions.
“The value is the concentration of 2,3-dihydroxybenzoic acid equivalents (ug/l).
*Davis minimal medium(0.7% KoHPOy, 0.2% KHoPOy 0.1% (NH,):SO4, 0.05% sodium citrate - 2H,0, 0.01% MgSOy « 7H,O, 0.1%

glucose).
STD : standard deviation.
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Table 5. Effect of nitrogen sources for the production of antibiotic from B. licheniformis K11

Nitrogen Sources' Cell Growth Antifungal activity Cellulase Siderophore
(600 nm) (%) (unit)’ (ug/ml)*
Control® 0.199£0.004° 100 9.77+0.49 1.91+0.52
Urea 0.195:0.008 166.9+2.4 7.53+0.49 3.00+0.66
NaNO; 0.389:0.389 160.2+0.8 8.3310.56 1.00£0.25
Alanine 0.243+0.243 107.8+1.7 9.03+0.43 2.41+0.52
Proteose peptone No. 3 0.254+0.006 98.6+2.9 15.08+0.53 2.66+0.38
NaNO, 0.330+0.010 94.2+0.9 10.08+0.72 1.08+0.14
(NH4),HPOq4 0.285+0.012 61.4+4.5 10.65+0.41 1.91+0.52
Bacto peptone 0.36410.013 87.0+3.5 19.39+0.76 2.66+0.76
NH,Cl 0.222+0.010 79.9+1.2 9.90+0.48 3.99+0.90
KNO; 0.356+0.010 77949 10.70+0.41 3.33+1.44
glutamic acid 0.259+0.009 77.3+1.2 13.42+0.82 0.83:0.29
NH H,PO, 0.175+0.022 70.8+3.2 10.7820.67 1.41:£0.14
L-Asparagine 0.233+0.010 70.1+5.1 9.14+0.39 2.08+0.29
Tryptone 0.492+0.006 60.7£5.5 12.88+0.65 3.41+0.76
Malt extract 0.056+0.006 56.6+3.6 48.43+0.32 2.33+0.38
Yeast extract 0.428+0.025 38.447.2 13.31+0.42 3.00+0.68
Beef extract 0.635+0.008 31.7£2.0 18.15+0.57 2.41+0.54

'Nitrogen sources (0.1%) were added to the basal medium (0.7% K;HPOy, 0.2% KH,PO4, 0.1% glucose, 0.05% sodium citrate -
2H,0, 0.01% MgSOy - 7H20).

?Antifungal activity (%) = [(control-sample)/(control)] x 100.

*One unit will liberate 0.1 pg of glucose from CMC (carboxymethyl-cellulose) for one minute under standard conditions.
“The value is the concentration of 2,3-dihydroxybenzoic acid equivalents (pg/l).

*Davis minimal medium(0.7% K:HPOs, 0.2% KHPOs, 0.1% (NH,),SOy, 0.05% sodium citrate - 2H,O, 0.01% MgSOs + 7H,O, 0.1%
glucose).

’STD : standard deviation.
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